AIm: Retrospective investigation of prognostic factors in low-grade astrocytomas.
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comprise one-third to half of all adult astrocytomas, and they are more common in younger cases compared to high-grade astrocytomas. More than two-thirds of cases are younger than 40 years of age (33) .
There are many issues that perpetuate ambiguity regarding
LGAs and await solutions: 1) there is no true picture regarding methods to follow, which include periodical radiological follow-up, surgical resection, surgical resection plus radiotherapy, or radiotherapy alone in cases diagnosed as LGA; 2) whether or not it is warranted to confirm a radiological diagnosis by a pathological work-up; 3) lack of a common system used for the pathological classification of such tumors; 4) most studies are retrospective and evaluate different parameters, so there is no homogeneity in these studies, and they are not large enough to reach statistical conclusions; 5) the resection degree in cases undergoing surgery may vary from biopsy to aggressive tumor resection; 6) uncertainty regarding whether radiotherapy should be given to those who undergo surgery; and 7) controversy about performing a second operation or radiotherapy in cases of recurrence.
The mentioned above can be clarified by prospective, multicenter, clinical studies, which will be carried out in the future. In the present study, radiological and neuropathological features were evaluated in cases with malignant transformation, and the effects of resection degree were investigated in these cases.
MATeRIAl and MeTHodS
In the present study, prognostic factors that were assumed to be effective on prognosis were reviewed in 67 cases diagnosed as low-grade astrocytoma in which tumor resection was performed after craniotomy between May 1998 and December 2005 (fallow up period) at the Erciyes University Neurosurgery Department. Specimens from surgical resections were evaluated by an experienced neuropathologist. Histopathological diagnosis was given according to the 2007 WHO classification of tumors of the central nervous system (Table I) (31) . Radiological and clinical features and data regarding the treatment modalities used were obtained from a data sheet that was prepared for this study group.
Age, sex, and Karnofsky Performance Score (KPS) during the study were recorded. Cases were scheduled to record clinical and radiological data at 3-month intervals. In each follow-up visit, a control MRI was obtained and the results were interpreted by an experienced radiologist regarding recurrence and re-growth.
Imaging protocol: CT scans with or without contrast material and an MRI were routinely performed in each case before and after surgery, and the features of the tumors themselves and the proposed prognostic features were identified by an experienced radiologist. These features were listed as tumor density, localization, diameter, enhancement, extent to the contra-lateral hemisphere, sharpness of the margins, and midline shift. All cases underwent CT scan within 4 hours after surgery to diagnose a surgery-related complication that remained clinically asymptomatic. An MRI with or without contrast material was performed within the first 72 hours after surgery to identify the degree of surgical resection as a gross total (≥95%) and a sub-total (<95%), and these images were compared using preoperative and postoperative contrasted T1-weighted MR images and T2W MRI images.
Surgical protocol:
All 67 cases were operated on with navigation guidance (Brain Lab, Heimsteten, Germany). Under general anesthesia, after the patient was positioned and a Mayfield Pin-holder skull clamp (OMI Surgical products) was applied, the case was registered to the navigation computer using an infrared camera, and a pointer with reflective marker spheres was adhered to the scalp. A skin incision and craniotomy centered on the lesion were accomplished with the aid of the pointer and the navigation-matched surgical microscope (NC4, Carl Zeiss, Oberkochen, Germany). Before the dural opening and resection, the extensions of the lesion were identified for the appropriate dural opening with the help of a navigation-matched intra-operative ultrasound device (Toshiba Tosbee SSA-240A). The surgical deviation that occurs due to resection during surgery was corrected with the fusion of 3-dimensional MR images and 2-dimensional intra-operative ultrasound images, and this procedure was continued during the resection in a real-time fashion. In cases in which brain shift occurred, repeated intraoperative ultrasound was applied and the obtained data were iteratively fused with the data obtained preoperatively. With this strategy, the deviation of the navigation tool due to brain shift was minimized. Intra-operative ultrasound was repeated as needed for residual tumor detection. When the appropriate resection was achieved, the operation moved to homeostasis.
Radiotherapy protocol:
Of the 17 patients, 25.4% received RT, which was given according to the NCCN Guidelines (National Comprehensive Cancer Network), whose basic selection criteria were sub-total resection performing patients, and this group of patients, whose ages were over 45 years, had no more operation chances because of basal ganglia and deep white matter involvement. The effective irradiation area was drawn on the mask in the simulator. The radiotherapy was performed by applying 6 million electron volts (MV) with a LINAC teletherapy (Varyan 2300c, U.S.A.) device. The area of the radiotherapy was detected in the postoperative T1 MRI section with contrast enhancement or the hypointense area, and 2 cm of brain tissue beyond this area were targeted for radiotherapy. The radiotherapy was applied at 54 Gy/27 fr/6 week. In both therapeutic stages, the parallel opposed field technique was used. As a prophylactic against cerebral edema throughout the radiotherapy, each cases received 8-16 mg/ day dexamethasone, which was tapered and discontinued within 2 weeks subsequent to the completion of the therapy.
Statistical analysis:
The cumulative survival of the cases after the date of surgery was estimated using the KaplanMeier method. The survival curves of several sub-groups were compared using the log rank test. A multivariate analysis was performed using the Cox regression method. The raw and processed data were estimated at the 95% confidence interval. In the univariate and multivariate analysis, values that affect survival are indicated as p<0.05 and p<0.01 if significant or p>0.05 if insignificant. The statistical analysis was performed using Statistical Package for the Social Sciences 10.0 (SPSS, Inc., Chicago, IL)
ReSulTS
Table II lists the general data and survival rates of the patients with LGA. The median survival time in relation to sex, age group, histopathological grade, pre-and postoperative 
Re-operation and survival rate:
In the sub-group that consisted of 21 patients who underwent re-operation due to either recurrence or re-growth, the median survival time was found to be 74 months (95% CI: 67-81), and the survival rate was 95.2% (20 cases). In the other sub-group, which consisted of 41 patients without re-operation, these figures were 82 months (95% CI: 72-92) and 89.1%. Although these results demonstrated that re-operation improved survival, the difference between sub-groups had no statistical significance (p>0.05; Table II ).
Malignant transformation:
In Table III , the independent variables, malignant transformation rates, and statistical analysis are given. The median age in cases with malignant transformation was 35 years, ranging from 16 to 42 years. In the study cohort consisting of 67 patients, 8 (88.4%) of 9 patients (13.4%) with malignant transformation survived, and the median survival time was 68 months (95% CI: 55-81). 53 (91.4%) of 58 patients without malignant transformation survived, and the median survival time was found to be 84 months (95% CI: 77-92). The patients with malignant transformation included 7 diffuse astrocytoma, 1 gemistocytic astrocytoma, and 1 pleomorphic xanthoastrocytoma (Table III) . Although these results indicated that malignant transformation limited survival time, no statistical difference was found between the groups in terms of survival time (p>0.05; Table II ).
Degree of resection and malignant transformation:
The malignant trasformation rate of the independent variables is given in Table III . When the gross total and sub-total resection on postoperative MRI and malignant transformation were Karnosfsky performance score (KPS), tumor localization, contrast enhancement, degree of resection, re-operation, and malignant transformation are shown. No significant difference was detected regarding median survival time when the variables shown in Table II were analyzed. There were no statistically significant differences according to median survival time for the independent variables (P>0.05). , and the median survival time was found to be 87 months (95% CI:80-93) in these cases. In the sub-group of patients with KPS<70, 9 patients survived during the follow-up, and the median survival time was found to be 77 months (95% CI: 57-97) in this sub-group.
Sex

Functional localization of tumor:
Of all the tumors, 13 were in an eloquent localization, while 54 were not. The median survival time of tumors in eloquent regions was 74 months (95% CI: 54-93), whereas it was 71 months (95% CI: 67-76) for those not in an eloquent region.
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sex, pre-and postoperative KPS, and functional localization, along with degree of resection, postoperative complications, malignant transformation, and factors that may affect malignant transformation such as age, sex, localization, surgical resection, and pathological diagnosis were statistically analyzed in the present study.
LGAs are commonly seen in the convexity of the brain. The frontal lobe is the most common localization, followed by the temporal lobe (27) . In addition, they can occur in the basal ganglia and thalamus. However, the prognosis is poorer with such localization than for those localized in a hemisphere (14) . Tumor localization against functional area is one of the important factors that affect resectability and, thus, the prognosis (10,28).
The characteristic CT scan findings of LGAs include iso-to hypodense mass, which cannot be distinguished from surrounding tissues without prominent edema or mass effect. Non-enhancement after contrast material administration usually indicates an intact blood-brain barrier (50) .
Enhancement of the lesion in CT scan after contrast material injection has been a matter of debate regarding its relationship to poor prognosis in cases with LGA. Although it was reported that contrast enhancement has no prognostic value in cases with LGA in a preliminary study (47) , in a further, larger series, it was suggested that cases in which the tumor is enhanced on BT scan after contrast material injection had a poorer prognosis than those without enhancement. This finding was strongly supported by a retrospective study. According to this study, the tumor recurrence risk is 7-fold higher in cases with contrast enhancement than those without (32, 37) .
According to these data, contrast enhancement on CT scan has great importance when assessing malignant transformation in cases with known tumors (2). Kelly et al. (21) showed that abnormal findings of the mass on T2-weighted sequences is analyzed together, it was found that there was no malignant transformation in 30 cases who were defined as gross total resection, whereas malignant transformation was detected in 9 (24.3%) of 37 patients who were defined as sub-total resection. The difference between the groups was found to be statistically significant (p<0.05).
Sex and malignant transformation:
Of the 31 women (46.3%) and 36 men (53.7%) in the cohort, malignant transformation was detected in one (3.2%) and 8 patients (22.2%), respectively. The difference in favor of men was statistically significant (p<0.05).
Re-operation and malignant transformation: Of the 67 patients, 21 patients underwent a second operation due to recurrence and residual tumor. Malignant transformation occurred in 9 of these patients. The difference was statistically significant (p<0.01).
Radiotherapy and malignant transformation:
Of the patients in the cohort, 50 patients (74.6%) received no radiotherapy, while 17 patients (25.4%) received postoperative radiotherapy. Malignant transformation was detected in 7 (41.2%) of the patients given postoperative radiotherapy, while only 2 patients (4.0%) displayed malignant transformation in the group that received no radiotherapy. A comparison of groups revealed a significant difference (p=0.01) (Table III) .
Contrast enhancement and malignant transformation:
When contrast enhancement on preoperative MRI and malignant transformation were analyzed together, 3 patients with contrast enhancement displayed malignant transformation, while it occurred in 6 of 41 patients without contrast enhancement. No significant difference was found between the groups (p>0.05).
dISCuSSIon
Independent variables that affect survival, including age, Therefore, the age of the patients is an independent variable that affects the choice of surgical method and, thus, survival. As age increases, the risk of death also increases. In contrast, aggressive treatment in elder patients is less effective than in younger patients in terms of improving survival (5, 6, 23) . In our study, the median survival time was found to be 89 months in patients younger than 40 years, while it was 64 months in 23 patients at 40 years old or older; this difference did not reach statistical significance (p>0.05). Although the reasons for poorer outcomes in older patients compared to younger ones has not been fully elucidated, it could be due to patient tolerance for greater tumor mass without developing symptoms and a delay in diagnosis because of brain atrophy in older patients. However, the results of the present study suggest that patient age has no effect on prognosis. Despite this conclusion, we agree that age should be taken into account when assessing the role of aggressive surgical interventions on the life of the patient (3, 41, 48) .
Sex:
In the literature, the percentage of male patients is reported to be 55-65% among patients with LGA (37) . Of the 67 patients, 36 (54%) were men in our study, while 31 (46%) were women. This finding is in agreement with the literature. There are findings indicating poorer prognosis in women in the literature (26) . In the present study, the survival rate was found to be 86%, and the median survival time was 81 months in male patients, whereas these were found to be 96% and 72 months, respectively. Our findings support data in the literature (26,37), but the difference has no significance.
Although the scoring system developed by Karnofsky (27) is commonly used in studies in the literature, a different scoring system used in some studies resulted in variety in the results (6, 10, 16, 28, 36) . Therefore, an undesirable heterogeneity exists among the results of the studies conducted on the prognostic value of performance status.
In the present study, the mean survival time was found to be 71 months in 7 patients with preoperative KPS<70, whereas it was 87 months in 60 patients with KPS≥70. Although our results demonstrated an association between higher preoperative KPS and better prognosis, it was not found to be statistically significant. It was found that the median survival time was 71 months in 7 patients with preoperative KPS<70, while it was 87 months in 60 patients with KPS≥70. Although our results demonstrated an association between higher preoperative KPS and better prognosis, it failed to reach statistical significance as an independent factor affecting survival. As the preoperative KPS determines the planned surgery type, the difference in outcomes obtained according to KPS may be due to the different scoring score systems used and an erroneous assessment of first performance (8, 35) . Moreover, data about preoperative functional status were neglected in some studies, while no clinical information was provided about the preoperative clinical status of patients regarding aggressive surgical procedures (4, 42) . Overall, when preoperative functional status was evaluated as an independent variable, it was reported that those outcomes were better in cases with high Karnofsky scores (10,16,28).
more valuable than CT findings of the same lesion. Also, MRI provides more comprehensive information about contrast enhancement than CT scan (19) .
Contrast enhancement in the resection area makes it difficult to assess contrasted MRI, which is performed to display postoperative residual tumor. Current recommendations suggest that MRI performed within 24-48 hours after surgery would be adequate for determining residual tumor (50). Winger et al. showed that the use of a corticosteroid might alter the pattern of contrast enhancement in tumors (30) . Because steroids reduce the contrast enhancement of tumor and peri-tumoral edema, steroid use by patients should be considered when assessing recovery by MRI in cases of glioma (50) . On MRI, lesions are seen as areas with low signal intensity on T1-weighed sequences, whereas it is almost always seen as areas with high signal intensity on T2-weighed images. Areas with increased signal are usually homogenous and well-defined, without evidence of hemorrhage or necrosis (17) . In most cases, it is difficult to distinguish the tumor itself from the surrounding edematous tissue on MRI. Although not conclusive, small lesions may be detected using gadolinium on MRI (37).
Although there is a specific MRI pattern for LGAs (welldefined, homogenous, hypointense, and hyperintense gray matter thickening on T1 weighed and T2-weighed sequences, respectively), such a pattern is not always diagnostic for lowgrade tumors. A group of researchers performed a stereotactic biopsy study on 20 adults who had lesions suggesting LGA on CT and MRI scans. However, a histological evaluation revealed that, of these cases, only 50% had LGA, while 45% had anaplastic astrocytoma (24) .
With this information together with that of other studies, one can conclude that contemporary high-resolution MRI alone cannot reliably justify a diagnosis of LGA; thus, histological confirmation is needed (37) . MRI is unable to distinguish radiation necrosis and residual tumor from recurrent tumor. FDG-PET (F-2-fluoro-2-D-deoxyglucose-positron emission tomography) may be helpful in this discrimination. In PET scanning, a functional imaging modality, cerebral glucose activity is observed. Glucose activity is reduced in necrosis, whereas an increase is observed in recurrent tumor.
LGAs display decreased metabolic activity similar to that of the surrounding gray matter (18) .
In a study with MR spectroscopy, it was concluded that an increase in cholin levels over time is compatible to malignant degeneration in low-grade glioma (49) . MR spectroscopy can map the energy metabolism of a certain area in the cranium (50) . Although MR spectroscopy is unable to establish the histological grade of glial tumors, increased cholin uptake along with NAA values that are slightly lower or unchanged distinguish radiation necrosis from recurrent tumor, in favor of the latter rather than the former (46) .
There is evidence suggesting a relationship between younger age and longer survival time in adult LGA cases (6,10,28).
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In the present study, the mean survival time was found to be 71 months in cases with tumors localized in non-vital areas, whereas it was 74 months in those with tumors localized in vital areas. The effect of functional localization on survival time was insignificant. While tumor localization was implied as a valuable and effective variable regarding the prognostic point of view in most studies (10, 28, 43) , a few studies have proposed that localization had no effect (10, 22) . Our study supports the latter.
In supratentorial LGAs, the degree of surgical resection is determined mostly by the localization and extent of the lesion. The desire to spare neurological functions resulted with a tendency to perform biopsy or partial resection in tumors in vital areas, whereas more aggressive resection has been performed with those localized in invulnerable areas (28) . Thus, tumor localization should be taken into account as an independent variable that affects the degree of resection (10, 28, 43) . Coffey et al. (10) noted that tumor localization rather than type of surgery was an important prognostic factor that improves long-term outcomes. In some studies, tumor localization was not taken into account in analyzing data (16, 36, 42) , or tumor localization was analyzed and demonstrated as an independent factor that affected survival; however, the notion that tumor localization could affect an essential prognostic factor such as type of surgery was neglected (44) .
In studies on the relationship between resection degree and long-term survival, tumor localization was considered independently and found to be ineffective in terms of prognostication, except for a few studies (10, 22, 28, 43) . Most of the studies evaluating the effects of surgery on survival provided evidence supporting the notion that aggressive tumor resection was associated with improved prognosis (10, 22) . Our findings suggest that tumor localization had no effect on aggressive tumor resection and that aggressive surgery could be achieved in any vital area with the assistance of neuronavigation-matched intra-operative sonography or MR techniques.
No contrast enhancement was seen in half of the LGAs, while mild peripheral contrast enhancement should be detected in 35-40% of the cases. Nodular areas with focal but intense contrast enhancement can be seen in the mass of LGA. Studies have shown that these focal areas may be compatible with high-grade tumor functions (37) . Contrast material influx into the tumor may be explained by an impairment in the blood-brain barrier. The histopathological basis of contrast enhancement in a tumor is linked to pathological neo-vascularization and vascular endothelial proliferation. Therefore, poorer prognosis, which is associated with more severe contrast enhancement, may be related to pathological vascular enlargement (vascular endothelial proliferation) and impaired blood-brain barrier.
It was histopathologically confirmed that areas became more prominent after contrast material as a result of intense cellular and hypervascular texture of the tumor. Thus, the margins When preoperative KPS and degree of resection were considered as independent variables, it was found that the KPS score and type of surgery were closely related to patient survival (20) . An important limitation of the relevant studies is the incorporation of a low preoperative KPS score, which has a significant relationship to higher mortality rates, in the statistical analysis, while not including the degree of resection, which appears to be a significant prognostic factor in multivariate analysis (16) . On the contrary, Nelson et al. (36) suggested that both preoperative KPS and type of surgery are significantly related to survival. They also noted that varying degrees of resection accounted for no statistically significant difference regarding the survival time of patients.
In the present study, the median survival time was found to be 77 months in 11 patients with postoperative KPS<70, while it was calculated as 87 months in 56 patients with postoperative KPS≥70 during the follow-up period (between May 1998 and december 2005). It was concluded that, despite the fact that higher KPS after surgery correlated to longer survival, this factor was an independent variable that had no effect on prognosis. However, literature data indicating that preoperative KPS and degree of resection interplay with each other are still valid (6).
The optimal resection degree in any patient depends on the extent and localization of the tumor, the general and neurological status of the patient, and the experience of the surgeon (6, 28) . In the assessment of the relationship between surgery and survival, it is widely accepted that tumor localization and degree of surgical resection depending on localization should be taken into account (28, 43) .
In numeric studies on tumor extent, it has been reported that survival time improved as postoperative residual tumor volume decreased (40) . Longer survival chance is obtained by aggressive cytoreductive surgery. There is almost consensus regarding the necessity of performing partial resection alone or a biopsy in the vulnerable areas of the brain to spare neurological functions. However, more extensive resections should be performed for lesions in invulnerable areas (1,28). Salcman et al. advocated radical surgery based on a literature review of cases without adjuvant therapy, albeit not including tumor localization in the analysis (39, 42) . Certainly, there is a need for a well-equipped operating room to perform radical surgery in patients.
In studies on common prognostic factors, it has been noted that the extent of resection had a favorable effect on survival (1, 5, 6, 11, 22, 28) . However, opposing results regarding this controversial issue have also been found (10, 16, 35) . Aggressive resection is less relevant to improved survival in older patients (6, 23) . In this study, the median survival time was found to be 90 months in 30 patients who underwent gross total resection, while it was 80 months in 37 patients who underwent sub-total resection. It was found that the degree of resection (gross total or sub-total) had no significant effect on the mean survival time of the patients.
The main reason for death in cases with LGA is usually malignant transformation of the tumor. The incidence of anaplastic regions in second biopsy specimens or autopsy series varies from 13% to 85% depending on the series. Recurrence may be due to malignant transformation or to missed anaplastic regions in the first histopathological evaluation (15, 44) . Law et al. (29) found that the grade of cases was unchanged during follow-up in approximately half of patients, whereas it was upgraded in the remaining half. Firching et al. (13) found that although the rate of upgrading (9%) was lower in Grade 1 astrocytoma, it was significantly higher in grade 2 cases (62%).
In the 67 cases of the present study, 8 (88.9%) of the 9 patients with malignant transformation survived, and the median survival time was 68 months, whereas 53 (91.4%) of the 58 patients without malignant transformation survived, and the median survival time was 85 months. The malignant transformation rate was calculated as 13.4 in our study. When compared to the literature, the lower transformation rate in this study may be attributable to the fact that smaller residual tumors resulted from surgical intention to perform gross total resection.
Although no comprehensive studies have been conducted, one study has suggested increased frequency of malignant transformation in patients older than 40 years of age (25) . In our study, the mean age in 9 cases with malignant transformation was 35 years, whereas it was 28 years in 58 patients without malignant transformation. Of the 31 women (46.3%) and 36 men (53.7%) in the study cohort, malignant transformation occurred in o1 and 8 patients, respectively. This difference was statistically significant. However, this finding is incongruous with the literature data (37) .
Of the 67 patients in our study, lesions were localized in the frontal region in 15 patients (22.4%). Malignant transformation occurred in 4 of 15 patients where lesions were localized in the frontal region. No malignant transformation was developed in any of the 13 patients with LGA localized in vital areas. This could be due to either more effective total resection in cases with LGA localized in vital areas or the biological behavior and features of these tumors.
When the gross total and sub-total resection on postoperative MRI and malignant transformation were analyzed together, it was found that there was no malignant transformation in 30 cases defined as gross total resection, whereas malignant transformation was detected in 9 of 37 patients who were defined as sub-total resection. According to these results, our study overlaps with the literature regarding total resection (1,28).
Contrary to some LGAs, others have poorer prognosis and undergo rapid anaplastic change (41) . In our study of 67 patients, 2 cases with gemiocytic astrocytoma and 2 cases with fibrillary astrocytoma were detected. Only 1 of the gemiocytic astrocytoma cases experienced malignant transformation after 19 months. A pleomorphic xanthoastrocytoma of enhancement indicate the macroscopic borders of the astrocytoma (1). In the present study, the median survival time was 89 months in 26 cases with contrast enhancement, while it was 82 months in 41 cases without enhancement; however, the difference failed to reach statistical significance. Malignant transformation was detected in only 3 (33.3%) of 26 patients with contrast enhancement, whereas it was detected in 6 (66.7%) patients without enhancement. These results support studies that have found no relationship between contrast enhancement and malignant transformation.
The issue of whether or not to perform re-operation due to the onset of novel symptoms and signs related to recurrent tumor in cases of LGA remains controversial. It has been proposed that the histopathological diagnosis, age, and KPS of the cases that underwent re-operation were effective with respect to quality of life rather than survival.
In the present study, there were 21 cases that underwent reoperation. It was found that cases were re-operated with the intention of gross total resection had no survival advantage when compared to those not re-operated due to re-growth. The median survival time was 74 months (95% CI:67-81) in patients who underwent re-operation, whereas it was 82 months (95 %CI: 72-92) in the remaining 46 patients. Our findings support the conception that re-operation due to recurrence did not improve the median survival time of cases by the desired level.
Analysis of independent variables related to malignant transformation
The transformation of LGA into a more malignant form has been the subject of several studies (37) . In one a preliminary study, Muller et al. reviewed 72 patients diagnosed with astrocytoma by pathological evaluations. Of these tumors, 14% displayed no pathological change; 55% had transformed into anaplastic astrocytoma and 30% into glioblastoma multiform in the case of recurrence. They found that the time from the initial pathological diagnosis to the second operation was 31 months. These authors concluded that malignant transformation could be expected in approximately twothirds of all astrocytomas (including low-grade and anaplastic astrocytomas) (34) . Another matter of debate is whether an anaplastic diagnosis obtained by a second biopsy or resection in a case previously diagnosed as LGA is due to the paucity of the initial specimen (37, 45 ).
An autopsy series of 129 cases with glioblastoma multiform was analyzed, and it was concluded that approximately 28% of these cases might have developed from previous astrocytoma (41) . According to that study, the survival time in cases with LGA history is longer even after the transformation to anaplastic astrocytoma. However, it is shorter in de novo anaplastic cases (51) . In another study on 77 cases with histologically proven LGA, no significant difference was found regarding the mean survival time between LGA cases with malignant transformation and those with de novo anaplastic astrocytoma (12) .
was detected in one case, which underwent malignant transformation and caused the death of the patient after 19 months.
When the intensity of the contrast enhancement on preoperative MRI and its effect of malignant transformation were analyzed, malignant transformation was found to have occurred in 3 (11.5%) of 26 patients with contrast enhancement, while it was observed in 6 (14.6%) of the 41 patients without contrast enhancement. Of the 9 patients who developed malignant transformation, 3 patients displayed contrast enhancement, while 6 did not; this is also in agreement with the literature, suggesting no relationship between malignant transformation and contrast enhancement.
It is a known fact that the aggressive surgery in low-grade tumors achieve a long life expectancy. Direct relationship between the amount of residual tumor and malignant transformation of tumor have been reported by Berger et al (7) . In intraaxial tumors, the brain shift arising from debulking of the tumor, is one of the most important factors affecting the accuracy of the usage of intraoperative neuronavigation. Therefore, for the correction of the error rate generated in neuronavigation, the ultrasound images obtained intraoperatively for two or more dimentions, may be registered with the neuronavigation images, with a soft ware program offered by the manufacturer. With such a combination, the deviation of neuronavigation may be corrected significantly, and this facilitates resection of the remaining parts of the tumor in a secure way. However, the part of tumors extending to the vital and functional areas should be left as a residue in order to prevent neurological deficits, or be resected under the reliability of advanced technologies, such as awake surgery or intraoperative neuro-monitoring.
ConCluSIon
Our aim was to evaluate prognostic factors in LGA, as well as to designate a treatment method for LGA by investigating the contributions of the malignant transformation process. Although the relationship between prognosis and prognostic factors including age, sex, preoperative KPS, postoperative KPS, tumor localization, contrast enhancement, and mass effect is in agreement with widely accepted literature data, no statistical significance was found in our studies. In particular, in tumors localized in vital regions, no recurrence was observed, so no malignant transformation in cases that underwent total resection emphasized the importance of resection grade in
LGA cases. The detection of higher malignant transformation rates in cases that underwent radiotherapy than those did not, and the statistical significance of this mandates the revision of the treatment plan regarding radiotherapy. 
